Objective: To determine whether bariatric surgery is associated with reduced health care expenditures in a multisite cohort of predominantly older male patients with a substantial disease burden.
O
BESITY IS DIFFICULT TO treat, and bariatric surgery is the most effective means to induce weight loss for the severely obese (body mass index [BMI; calculated as weight in kilograms divided by height in meters squared], Ͼ40), whose prevalence increased 50% from 2000 to
2005.
1,2 Few long-term studies of the health and economic benefits of bariatric surgery exist, 3 and most prior studies examined outcomes in younger, primarily white and female populations. As the demand for bariatric surgery has increased, 4 numbers of nonwhite, older, and male patients with a greater prevalence of obesity-related comorbidities have increased, and their expenditure trends have not been evaluated extensively. 5, 6 Obesity-associated health expenditures were estimated at $147 billion in 2008, 7 are disproportionately higher for morbidly obese patients, 8 and increase with age. 9 Prior studies of predominantly younger female cohorts have found that bariatric surgery results in cost savings 2 to 5 years after the procedure. [10] [11] [12] [13] Several simulation studies have also found bariatric surgery to be cost-effective, particularly for patients with diabetes mellitus. [14] [15] [16] [17] [18] Despite this evidence, health insurers have been slow to provide coverage for bariatric surgery and are increasingly requiring risk-adjusted outcomes to assess return on investment.
The purpose of this study is to compare expenditures 3 years before and after operations in a cohort of veterans who underwent bariatric surgical procedures at 1 of 12 Veterans Affairs medical centers (VAMCs) in 2000 through 2006 with expenditures in a matched cohort of veterans who did not undergo bariatric surgery. We hypothesized that this cohort of surgical patients with a substantial obesityrelated comorbid disease burden would have lower health expenditures in the years after bariatric surgery than nonsurgical control subjects. This study is the first, to our knowledge, to examine health expenditures associated with bariatric surgery in a multisite cohort of predominantly male patients who were older than patients in prior bariatric surgery evaluations.
METHODS

STUDY DESIGN AND STUDY POPULATION
As described previously, 5 892 bariatric surgical patients from this retrospective cohort study were identified from a database of major surgical procedures performed in VAMCs maintained by the VA Surgical Quality Improvement Program (formerly known as the VA National Surgical Quality Improvement Program 19 Time of study entry began with each veteran's first instance of observed BMI of at least 35 after January 1, 2000. Patients were excluded on the basis of death dates before the bariatric procedure (n=4), presurgical BMIs of less than 35 (n=9), or missing presurgical comorbidity scores (n=25). The final surgical cohort included 850 highrisk veterans who underwent bariatric surgical procedures (see eFigure 1; http://www.archsurg.com). Nearly 97% of these patients underwent Roux-en-Y gastric bypass; the remainder, vertical banded gastroplasty. 20 Nonsurgical controls were identified from a VA registry of 1.8 million veterans whose height and weight data from fiscal year 2000 were extracted from VA electronic medical records of outpatient visits from 136 VAMCs. 21 We identified 98 545 veterans who had recorded BMIs between 29 and 80 and had never undergone bariatric surgery in the VA system (see eFigure 2). Controls were excluded owing to missing patient identifiers needed to link to other VA databases (n=563), death before fiscal year 2000 (n=373), or incomplete data to construct patient covariates (n=157). We also excluded nonsurgical controls without BMI values of at least 35 (n=4853), with missing baseline comorbidity scores (n=5836), 80 years or older during the study period (n=8509), or with clinical exclusions related to gastrointestinal tract cancer requiring surgery or peritoneal effusion/ascites (n = 299). To more closely match the availability of medical care resources between surgical and control groups, we excluded severely obese veterans who lived in 
HEALTH CARE EXPENDITURE OUTCOMES
We examined outpatient, inpatient, and total VA expenditure outcomes. Outpatient and inpatient expenditures were aggregated from the Health Economics Resource Center average cost data, and medication expenditures were subsumed within outpatient expenditures. 22 Details on these data have been described previously. 23 Total expenditures were constructed by summing VA outpatient and inpatient expenditures. The unit of analysis was the person-half year, and we constructed 6 halfyear outcomes for the 3 years before the bariatric procedure and 6 half-year outcomes for the 3 years after it. For patients in the surgical cohort, the surgical and inpatient costs associated with the hospitalization for the bariatric surgical procedure were attributed to the half year immediately before the procedure.
STATISTICAL ANALYSIS
Differences between patients undergoing or not undergoing bariatric surgical procedures were compared using 2 tests for categorical variables and 2-tailed unpaired t tests for continuous variables in the unmatched cohorts, McNemar tests and paired t tests in the matched cohorts, and standardized differences to enable comparison of covariate imbalance between the matched and unmatched cohorts. 24 Given the numerous differences between the surgical patients and nonsurgical controls, we conducted expenditure analyses on propensity-matched cohorts. 5 Despite the large sample of controls (n=41 244), we conducted one-to-one matching to avoid the possible bias of many-to-one matching, 25 and cases were matched to controls using a greedy algorithm. 26 Each surgical case was matched to a single nonsurgical control if their predicted propensity scores were identical to 8 digits. If such a match was not found, the case was matched to a control on the basis of a 7-, 6-, 5-, 4-, 3-, 2-, or 1-digit match.
As described previously, the propensity score model included presurgical age, age squared, baseline comorbidity via the Diagnostic Cost Group score, baseline BMI, BMI squared, BMI cubed, sex, race, marital status, Veterans Integrated Service Networks, and numerous 2-way interactions 27 and had a concordance index of 0.85. 5 Diagnostic Cost Group scores were as predictive of veterans' 1-year mortality as other comorbidity scores [28] [29] [30] and were highly predictive of mortality, 20 use of medical resources, and expenditures 31 in bariatric surgical procedures. This process matched 847 surgical cases (of 850 possible [99.6%]) to 847 nonsurgical controls. 5 After examining the expenditure distributions and Pregibon, Hosmer-Lemeshow, modified Park, and Pearson specification tests, 32 outpatient and total expenditures were estimated using 1-part generalized estimating equations with a loglink function and distribution in which the mean and variance are proportional, which allowed for the possibility of overdispersion. We modeled inpatient expenditures using a 2-part generalized estimating equation in which a logistic regression was estimated for the probability of inpatient expenditures and a separate generalized estimating equation was estimated for the level of inpatient expenditures among the subset who were hospitalized. Because these analyses were performed on wellmatched cohorts, we adjusted for fixed effects for each 6-month period and interactions of treatment with each 6-month period. We then generated predicted expenditures for the surgical cases and nonsurgical controls in each of the 6 half years to determine whether health expenditures were different between surgical cases and nonsurgical controls. For surgical patients, the presurgical period ended on the day of hospital discharge for the bariatric operation. For nonsurgical controls, the presurgical and postsurgical periods were defined by the day of discharge for the surgical patient to whom he or she was matched.
Expenditures were inflation adjusted to 2006 dollars using the Consumer Price Index because the medical Consumer Price Index does not adequately account for technological improvement, quality change, and improved health outcomes. 33 All regression models were adjusted for clustering on the patient level using commercially available software (STATA, version 10. 
RESULTS
PATIENT CHARACTERISTICS IN UNMATCHED AND MATCHED COHORTS
As discussed previously, 5 the unmatched cohort of 850 veterans in the surgical cohort and 41 244 veterans in the nonsurgical control cohort were different in nearly all respects ( Table 1) . Propensity score matching resulted in well-balanced cohorts of surgical cases (n=847) and nonsurgical controls (n = 847), which were similar in all observed characteristics except year of study entry ( Table 2) , improving covariate balance from the unmatched cohorts. As reported in a prior analysis, 6.8% of the surgical patients died within 6 years of surgery and 12.8% of the matched nonsurgical controls died within 6 years of the index date.
5
EXPENDITURE RESULTS ON THE MATCHED COHORTS
In the 3 years before the bariatric procedure, the difference in adjusted outpatient expenditures between surgical patients and nonsurgical controls diverged from $123 higher for surgical patients (P=.31) in the presurgical 36 to 31 months to $2758 higher (PϽ.001) in the presurgical 6 months (Figure 1 ). In the 3 years after the procedure, outpatient expenditures converged again. Adjusted outpatient expenditures were $1223 higher (PϽ.001) for surgical patients in the first postsurgical 6 months but only $40 higher (P = .82) in the 31 to 36 postsurgical months.
Differences in adjusted inpatient expenditures followed a similar diverging trend before the bariatric procedure, followed by a similar converging trend after the procedure (Figure 2) . In the presurgical 36 to 31 months, adjusted inpatient expenditures were $694 lower (P=.18) for surgical patients but became $25 645 higher (PϽ.001) in the 3 presurgical months owing to the cost of the admission associated with bariatric surgery. Adjusted inpatient expenditures converged in the 3 years after the procedure, from $3033 higher (PϽ.001) in the first 6 postsurgical months among surgical patients but only $45 higher (P =.90) in the 31 to 36 postsurgical months.
The trends in adjusted total expenditures mirrored the trends of outpatient and inpatient expenditures (Figure 3) . In the presurgical 36 to 31 months, adjusted total expenditures were $595 lower (P =.26) for surgical patients but became $28 400 higher (PϽ.001) in the 6 months leading up to and including the procedure. Adjusted total expenditures converged in the 3 years after the operation, from $4397 higher (P Ͻ.001) in the first 6 postsurgical months to similar expenditures (P=.75) in the 31 to 36 postsurgical months. 
COMMENT
In a propensity-matched cohort of obese, high-risk, primarily male patients, bariatric surgery was not significantly associated with lower health expenditures 3 years after the procedure. As expected, health expenditures were similar 2 and 3 years before the surgical procedure because surgical patients and nonsurgical controls had simi- WWW.ARCHSURG.COM 637 lar weight and health care use trajectories several years before giving serious consideration to bariatric surgery. In addition, most patients who eventually undergo bariatric surgical procedures have not yet begun intense use of health care resources associated with evaluation for the operation and/or nonsurgical weight loss treatment at this point.
In the year leading up to the bariatric surgical procedure, we expected health expenditures to be higher for patients who underwent the operation for 2 reasons. First, it is common to see weight steadily increasing in bariatric surgical patients in the year before the procedure, which may result in more use of health care resources and expenditures than in prior years when weight was more stable. Second, this increase in weight likely prompts patients and their health care providers to determine eligibility for surgical or nonsurgical weight loss treatment. Once eligibility is confirmed, expenditures of surgical patients increase owing to presurgical workup and evaluation (more providers and tests involved in their care), intense medical weight loss treatment that is requested of some patients to shed weight before the procedure to reduce risk and make the operation technically easier, and the one-time significant expenditure of the operation itself. Several prior studies have demonstrated this short-term increase in health expenditures, 11, 15, 34, 35 and our results found a similar increase.
In the year after bariatric surgical intervention, we expected health expenditures to be higher for patients who underwent the procedure owing to care associated with postsurgical follow-up, treatment of postsurgical complications, and frequent adjustment of long-term medication therapy required during periods of rapid weight loss as is typically seen after bariatric surgical procedures. Two and three years after the operation, we expected expenditures for surgical cases to continue to decline from the immediate postsurgical period and to become lower than expenditures of nonsurgical controls (based on results from prior literature). Our results did not support this hypothesis but are consistent with a prior study of patients with diabetes that observed a similar trend 2 years after the surgical procedure. 12 The finding that expenditures were unchanged within 2 years after bariatric surgical procedures is also consistent with a study of hospitalizations that found no decrease in use of hospital services attributable to the operations. 36 These results are notable because they contrast with results from several prior observational studies that found expenditures among postsurgical cases to be lower than those of nonsurgical controls 2 to 4 years after the procedures, which can be explained by important differences in the populations examined and the methods of analysis. The proportion of women was much lower in this study (26.1%) than in a study by Christou et al 10 (66%) and 2 studies of American patients with employerbased insurance by Cremieux et al 11 (86%) and Finkelstein et al 15 (80%). The average age of surgical patients was also higher in our study than in these prior studies (49.5 vs 44-45 years). In addition, the study by Finkelstein et al 15 evaluated cost trends for patients undergoing laparoscopic adjustable gastric banding, whereas we examined patients undergoing gastric bypass. 5 The results from our study also differ from these earlier studies owing to differences in how nonsurgical controls were identified and matched to surgical patients. In the prior studies, nonsurgical controls were identified as obese by having a diagnosis of obesity (ICD-9 code 278.00) or morbid obesity (ICD-9 code 278.01) in their medical record, which might have identified a sicker and more costly subset of surgery-eligible patients. The study by Finkelstein et al 15 was more comparable to our study because self-reported BMI data were available on a subset of patients who completed a health risk assessment.
All 3 studies attempted to reduce confounding bias by matching surgical cases and nonsurgical controls. Controls in the study by Christou et al 10 were matched 6:1 to cases based on patient age, sex, and duration of followup, which resulted in a sample of 1035 surgical patients and 5746 control patients. No clinical information was available for comorbidity or BMI adjustment or matching. During a mean follow-up of 2.5 years, total direct expenditures were found to be lower for surgical patients than nonsurgical controls ($8813 vs $11 854; PϽ .001) owing to fewer inpatient admissions and physician visits. 10 Cases and controls in the study by Cremieux et al 11 were matched on age, sex, state of residence, 10 comorbidities, and health care costs in the 5 months before surgery (−6 to −2 months). During a mean of 18 months of follow-up and under an assumption of constant cost differences beyond 19 months, health expenditures were found to decrease after surgical procedures until 18 months and remained $545 lower every month after month 18. In an editorial that accompanied this study, Finkelstein and Brown 34 questioned the assumption of consistently lower ($545) expenditures for surgical patients every month after 18 months. The 3-year expenditure results from our high-risk cohort suggest that this assumption is not likely to hold in all surgical populations. A recent study by Finkelstein et al 15 matched cases and controls based on age, sex, metropolitan statistical area status, health plan type, 24 comorbidities, and health care costs in the quarters (−5 to −2 months) before surgical procedures. The investigators found that health expenditures of surgical patients decreased sufficiently to fully offset the cost of the procedure at 4 years.
Although the inclusion of preperiod outcomes is typically reasonable for improving the effectiveness of propensity score matching, 37 matching on presurgical expenditures in the studies by Cremieux et al 11 and Finkelstein et al 15 likely induces the selection of matched controls with rapidly accelerating expenditures. If surgeryrelated expenditures increased only on the day of the operation, then matching on presurgical expenditures would not be problematic. However, surgery-related expenditures begin in the 6 to 12 months before the day of the operation as a result of the presurgical workup and intensive nonsurgical weight loss treatment. Thus, expenditure comparisons with matched controls who have increasing expenditures in the immediate presurgical period likely overstate the cost reductions associated with bariatric surgery. In their editorial accompanying the ar-ticle by Cremieux et al, 11 Finkelstein and Brown note that the "return on investment estimates seem[s] to result from substantially higher cost increases in the control group relative to the surgery group in the postsurgery period." 34(p561) We speculate that the increasing costs of the nonsurgical controls are likely induced by matching on presurgical expenditures in both studies and an important reason why the expenditure results from these studies differ from the results we found in our high-risk cohort.
However, this study is subject to several limitations. First, we focused on a cohort of older, predominantly male, sicker patients, so results may not generalize to nonveteran, younger, female, or healthier populations. Bariatric surgical procedures may reduce expenditures for younger patients and not for older patients, but we did not have a sufficient sample size to examine whether the association varied across subgroups. Future studies with larger samples should also consider stratification across clinically relevant patient factors to fully understand changes in expenditures across various subgroups. Second, our study does not include patients who underwent laparoscopic adjustable gastric banding procedures; thus, we cannot generalize our results to such patients. Third, these results do not account for unobserved confounding that may persist even after propensity score matching because this analysis was based on a quasi-experimental design from administrative data, not a randomized trial. 38 Our results represent an association and not necessarily the causal effect of bariatric surgery on health care expenditures. We were able to reduce confounding of this association via one-to-one propensity score matching without a significant loss in sample size in the surgical group.
Although bariatric surgery was not associated with reduced expenditures in this cohort of older, predominantly male patients, many patients may still choose to undergo bariatric surgery given the strong evidence of significant reductions in body weight and comorbidities and improved quality of life. Expenditures may decline further for surgical cases in the longer term, but there were no differences in health expenditures between the surgical and nonsurgical cases during 3 years of follow-up.
